Abstract We examined 834 nests built by western lowland gorillas in Cameroon between July 2008 and July 2011 to identify the plant species used in their construction. Preference for each plant species for nesting was assessed using a 'preference index' calculated by combining information on the occurrence of each species in the forest and in the nests. Forty-six plant species representing about 15 % of the total number of species in the forest and 26 % of species used for nest building were frequently used by gorillas. Preference levels significantly varied among these species. Nests were mostly built with herbs of the families Marantaceae and Zingiberaceae and woody species such as Manniophyton fulvum (liana) and Alchornea floribunda (shrub). As observed in other gorilla populations, suitability for nest building and availability of gorilla food in stems were the likely determinants of plant selection. The total number of species used per nest ranged from 1 to 11, with an average of 4.9. This is high compared to other sites, emphasizing variability in the availability of nest building materials and habitat differences across the range of the western gorilla. Seasonal changes in the use of different habitat types for nesting did not appear to influence plant use for nest building as there was little variation in plant selection across seasons or the composition of nests. Our findings suggest that gorillas non-randomly select plant species to build nests, and use a particular set of species combined at varying proportions, with no clear seasonal or spatial patterns.
Introduction
Nesting is of great importance to primates as they spend approximately half their lives at nesting sites which provide protection from predators and are used for sleeping, feeding, socializing, mating, giving birth and dying (Fruth and Hohmann 1996; Anderson 1998 Anderson , 2000 Yamagiwa 2001 ). The study of nesting materials and nest-building patterns in wild gorilla populations enables a description of behavior at sleeping sites and an assessment of the influence of ecological factors on the use of plants, thus helping to understand how gorillas adapt to their environment (Anderson 1998) . Such topics have been the focus of considerable scientific attention for more than three decades across the range of Gorilla spp., which has resulted in improved knowledge of: nest group size; nest size, shape, height, construction type and life-span; nest and nest site reuse; nesting habitat types; age and sex-related variations in nest construction; nest site dimensions, topography, orientation, spatial arrangement, construction and abandonment timing; and ape group size, sympatric mammals, food availability, climate and human influences on nest building (Casimir 1979; Tutin and Fernandez 1984; Groves and Sabater Pi 1985; Remis 1993; Tutin et al. 1995; Fay 1997; Yamagiwa 2001; Mehlman and Doran 2002; Poulsen and Clark 2004; Rothman et al. 2006; Iwata and Ando 2007; Sunderland-Groves et al. 2009 ).
However, there has been little focus on identifying gorilla nesting materials, and studies that assess plant selection for nest building in relation to plant availability in the forest are rare Rothman et al. 2006) . Furthermore, detailed evaluation of the effect of seasonality on plant selection for nest building is lacking. Such investigations can further knowledge of nesting in great apes and provide additional information on the plant preference of gorillas, which is important for conservation management. For instance, it has been suggested that identifying trees that are important to gorillas and should consequently be protected may be a practical approach for reducing the negative impact of commercial logging on great apes . Knowledge of preferred plant species for nesting may help to describe gorilla resource distribution and identify their most suitable habitats (Rogers et al. 2004) , therefore helping to improve in situ primate conservation efforts.
In this study, we identify plant species used by western lowland gorillas (Gorilla gorilla gorilla) to build nests, classify them in terms of preference, and assess seasonal usage of these plants and habitat types for nest building. Previous studies have documented seasonal changes in habitat use for nesting (Groves and Sabater Pi 1985; Tutin et al. 1995) . Based on the trend described therein, we hypothesize that seasonal distribution of gorilla nests will show non-random patterns with respect to habitat type, and as a result, plant use for nest construction will be determined by seasonal climatic change. We discuss plant selection for nest building and nest construction patterns in relation to plant availability and we compare the trends with other western gorilla study sites.
Methods

Study area
The study area is situated in the northern buffer zone of the Dja Biosphere Reserve (Cameroon), specifically in 'La Belgique' research site of Projet Grands Singes (PGS), of the Centre for Research and Conservation (CRC), Royal Zoological Society of Antwerp (RZSA), located between 013°07 0 -013°11 0 E and 03°23 0 -03°27 0 N. This area is located in the transition zone between the semi-deciduous forests of Equatorial Guinea and the evergreen forests of the Congo basin (Letouzey 1985) , with an equatorial and humid climate characterized by seasonal rainfall. Climatic data collected in the site during a 2-year period (April 2009 -March 2011 showed [1,500 mm of rainfall each year, with an annual mean of 1,637.9 ± SD 105.1 mm. Mean minimum and maximum daily temperatures (°C) were 19.5 ± SD 1.3 and 26.3 ± SD 2.4. We defined dryseason periods as those with \100 mm of rain per month. Rainfall data collected each month during a 28-month period (April 2009 -July 2011 in the research site revealed nine alternating rainy and dry season periods (Fig. 1) . However, temperature data were missing in April 2010 and in February 2011, thus resulting in a 26-month temperature dataset.
Habitat types
Based on previous vegetation classifications in the area (Nguenang and Dupain 2002; Djoufack 2003; Dupain et al. 2004) , we distinguished six habitat types: near primary forest (NPF) dominated by large tree species of height [30 m (e.g., Omphalocarpum procerum and Polyalthia suaveolens), with little undergrowth and a closed canopy; old secondary forest (OSF) with trees of height 25-30 m (e.g., Terminalia superba), more pronounced undergrowth than NPF and a discontinuous canopy layer; young secondary forest (YSF), dominated by early successional trees of \25 m (e.g., Tabernaemontana crassa and Myrianthus arboreus), and a relatively dense undergrowth; light gaps (LG) , which are open-canopied environments resulting from tree and branch fall, with dense tangles of ground herbs; riparian forest (RF), which is periodically flooded; and swamps (SW), characterized by high densities of Raphia spp., few (\5 %) raphia-free open areas (clearings), and a hydromorphic soil. NPF, OSF, YSF and LG are referred to collectively as terra firma habitats. RF and SW are (periodically) flooded habitats.
Monitoring of gorilla nests
During July, August, October and November 2008, and every month from April 2009 to July 2011, gorilla nest sites were located by trackers who followed trails and recorded additional evidence such as vocalizations or feces. Gorilla trails traversed all habitat types found in the site and reflected habitat preference of gorillas for nest building. Each nest was examined to determine the species of herb, liana and tree used in its construction, and the habitat type of its location was noted. In addition, each nest was assigned to one of five construction types: (1) nest with no vegetative construction (zero type or bare ground nest), (2) nest exclusively built with herbs (herbaceous type), (3) nest with both herbs and woody material (mixed type), (4) nest exclusively built with woody material (woody type), and (5) nest built in tree (tree type), according to the definitions of Tutin et al. (1995) . Given that sympatric populations of gorillas and chimpanzees live in the area, nest height, nest type, habitat type, sleeping habits and evidence such as hairs, feces, odor and footprints helped to distinguish between chimpanzee and gorilla nests ).
Availability of gorilla nesting materials
All trees of D 1.30 C 10 cm were identified and counted in 130 plots of 25 9 40 m each, totaling 13 ha. Plots were 250 m apart and were positioned along ten 6-km transects set at a constant bearing of 45°and 600 m apart. Terra firma and flooded habitats were represented in plots. Shrubs were counted in 4-m 2 subplots placed in the center of each plot; the average number of stems per subplot was multiplied by the total plot area (13 ha) to estimate the total number of stems in the plots. Further contiguous plots of 2 9 4 m each set along a 1.5-km transect traversing terra firma and flooded habitats at a bearing of 45°were used to survey herbs and lianas. A total of 375 contiguous plots were surveyed. The frequency of occurrence in plots was used as a proxy for abundance (Loya and Jules 2008) for one species of herb, Selaginella sp., because the stems of this species are interconnected and form dense networks. Tree and shrub species were collectively referred to as 'trees', resulting in three main plant groups (trees, lianas and herbs). All plant species were sampled for identification at the National Herbarium of Yaoundé, Cameroon.
Plant preferences for nest building
We calculated an 'importance value' in nest building for herbs as the ratio between the total number of nests in which herbs occurred and the total number of herb species surveyed in the forest. A similar method was applied to lianas and trees. To assess whether some herb species were favored, comparisons among herb species were made using a 'preference index' for each species (adapted from Jacobs 1974); calculated as the total number of occurrences of each herb species in nests minus the expected number of occurrences. The expected number of occurrences of any herb species in nests depended on its relative abundance in the forest and was calculated as: expN = Y 9 Xi/100, where Y is the total number of occurrences of all herbs species in nests and Xi is the relative abundance of stems of species i in the forest. The same approach was used to classify lianas and trees. We adapted the method of Hamann et al. (1999) and calculated the abundance of herb and liana species as AB = RD ? RF, and the abundance of tree species as AB = RD ? RF ? RDo, where RD, RF and RDo represent relative density, relative frequency and relative dominance, respectively (see Hamann et al. 1999 for details). Within each group (herbs, lianas and trees), the relative abundance was therefore determined as (abundance of a species/sum of abundances of all species) 9 100. Preference indexes were either positive or negative, and the sum of values for all species of a group equaled zero.
Seasonal composition and diversity of plants in gorilla nests
Gorilla nest composition data collected from April 2009 to July 2011 were grouped into nine seasons as defined above. Data of 2008 were excluded from all analyses of seasonality because no rainfall data were collected that year. A species abundance data matrix was constituted by the frequency of occurrence of each species in nests each month (total number of nests in which a species was found). Data from the same season were pooled and the plant species composition of nests was compared between seasons using a multiple response permutation procedure (MRPP). This multivariate testing method assesses whether or not the composition of two or more groups differs significantly (see McCune and Grace 2002 for details). For each season, the total number of species found in each nest was used to compare the diversity of nesting materials.
Results
Plants used for nest building by gorillas
A total of 834 gorilla nests were examined between July 2008 and July 2011. Fifty-one had no vegetative construction. Among the 783 nests with vegetative construction, 174 species of tree, shrub, liana and herb were identified, representing 129 genera and 64 families. Gorillas used 55, 66 and 79 % of the number of species, genera and families present in the research site, estimated from our botanical datasets at 314, 196 and 81, respectively. Herbs, lianas and trees were used in nest construction, with importance values of 61.8, 17.1 and 8.2, respectively. Herbs were 7.5 times more important than trees and 3.6 times more important than lianas. Only 3.8 % of nests (32 out of 834) were built in trees. The monthly average number of nests built in trees was 0.3 ± SD 0.8 (range: 0-3), and no correlation was found between the number of nests built in trees each month and rainfall (Spearman rank correlation; r s = 0.109, P = 0.581, N = 28) or temperature (r s = 0.211, P = 0.300, N = 26). Forty-six species (14.6 % of the total number of species found in the research site) representing about 26 % of the species used for nest building occurred in at least ten gorilla nests, and were considered as 'frequently-used' species. Herbs displayed the highest proportion of frequently-used plants, comprising nearly half of all species used (Table 1 fulvum, Combretum sp. and Macaranga bellei were the most preferred lianas. Alchornea floribunda was the only frequently-used shrub and the most preferred species within the group 'trees'.
Seasonal composition and diversity of plants in gorilla nests
MRPP tests did not reveal significant differences in plant selection across seasons (P [ 0.05 in all cases; Table 2 ).
No clear pattern of seasonality occurred even while considering only data from the most preferred plants (herbs). The total number of plant species per nest for the entire dataset ranged from 1 to 11, with an average of 4.9 ± SD 2.1. Average values ranged from 4.7 ± SD 2.3 in the long rainy season to 5.3 ± SD 2.1 in the long dry season. Seventy-five percent of nests were constructed using at least four species. Pairwise comparisons of seasons showed weak statistical differences between short rainy and long dry seasons; short rainy and long rainy seasons and long rainy and long dry seasons (two-sample KolmogorovSmirnov tests, P = 0.045, 0.023 and 0.018, respectively).
Seasonal distribution of gorilla nests in different habitat types
Nest data for each season were pooled together and the total number of nests found in each habitat was computed.
Most nests were found in young secondary forest, light gaps and swamps (Table 3) and data from these three habitat types were statistically compared. The proportion of nests found in these habitats during the four rainy and dry seasons were significantly different (v 2 test: v 2 = 109.601; df = 6; P \ 0.0001).
Discussion
The number of plant species and genera identified in western lowland gorilla nests in this study constitutes a lower bound estimate of the total number of species and genera likely to be used during the study period. This is because some plants in nests could not be identified to species or genus level due to the lack of distinctive elements such as flowers or fruits, or because of the state of degradation. Nevertheless, our results revealed that gorillas used more than half of the species and genera present in their habitat for nest building, though it should be noted that 74 % of species very rarely featured in nests. A similar trend was reported in the Bwindi Impenetrable National Park, Uganda, where mountain gorillas (Gorilla beringei beringei) used approximately 60 % of plant genera available in their immediate environment to build nests (Rothman et al. 2006 ). The number of species used for each nest was high, with three quarters of nests constructed using at least four species, compared to other studies on plant use by western gorillas where most nests were made with only one or two species (Groves and Sabater Pi 1985; Tutin et al. 1995) . In addition, we identified 174 species in gorilla nests compared to 98 species in the Lopé National Park . This difference reflects the varied availability of herbs in habitats across the range of the western gorilla (Brugiere and Sakom 2001; Mehlman and Doran 2002) .
However, frequently-used plant species represented only about 15 % of all plants present in the forest, indicating selectivity in the use of nesting materials (Fruth and Hohmann 1996) . Only about one quarter of plant species identified in gorilla nests were frequently used, suggesting that gorillas relied more on a restricted range of preferred key species to build nests. Western lowland gorillas in Separation is measured by the test statistic T. The more negative T is, the stronger the separation between seasons. The P value associated with T assesses how likely observed differences between seasons are due to chance Lopé National park (Gabon) and Cross River gorillas (Gorilla gorilla diehli) at Mawambi Hills (Cameroon) have also been shown to rely on a restricted range of preferred key species (Table 4) , probably reflecting relatively limited availability of suitable nesting materials at these two sites. Similarly, mountain gorillas have been observed to select plants for nest building depending on their availability in the habitat (Rothman et al. 2006) . Selectivity in the use of nesting materials has also been documented in other great ape species. For example, in the Kalinzu Forest, Uganda, about 15 % of tree species used for nesting by chimpanzees (Pan troglodytes) harbored more than 75 % of nests (Hashimoto 1995) . In the forest of Sabah, Malaysia, orangutans (Pongo pygmaeus) selected tall trees with large diameters in which to build nests (Ancrenaz et al. 2004) . The rates at which plant species were used and their importance in nest construction varied across plant groups and between species. Gorillas are large-bodied mammals that commonly sleep on the ground, though they exhibit a flexible nesting pattern and also sleep in trees Furuichi et al. 1997; Mehlman and Doran 2002; Rothman et al. 2006; Iwata and Ando 2007; Morgan and Sanz 2007) . For example, our nest database comprised 3.8 % tree-nests, highly contrasting with gorilla nesting behavior at Petit Loango, Gabon, where about 95 % of nests were built in trees (Furuichi et al. 1997) , probably as the result of a pronounced scarcity of herbaceous vegetation (Yamagiwa 2001) . In the present study, gorillas mostly relied on forest understory plants and commonly used terrestrial herbaceous vegetation which is an important component of this stratum in the study site, as also observed in Lopé National Park where ground nests built with herbaceous material were the most common type, and predominated in habitats with high densities of understory herbs . These observations are consistent with the general trend across the range of western gorillas (Table 4) , which reveals a negative correlation between herb density and the proportion of tree nests (Spearman test: r s = -0.700, P = 0.036, N = 9). However, this result may be partially affected by differences in herb and gorilla survey methodology, the small sample size and the presence of outliers with fewer arboreal nests and higher herb density ('La Belgique'and Ndakan) or the opposite (Petit Loango). Gorillas are likely to build ground nests partly because they are more terrestrial compared to other great apes; Table 4 Herb availability and use in nest building across the range of western gorillas Herb density includes all herbaceous species, except for Bai Hokou, Lopé, Mondika and Ndoki (herbs commonly consumed by gorillas)
CAR central African republic, WLG western lowland gorilla, CRG cross river gorilla a Definitions are variable across studies b Goldsmith (1996) in Doran et al. (2002) c Remis (1993) , longitudinal study d This study e White et al. (1995) f Tutin et al. (1995) g Doran et al. (2002) h Mehlman and Doran (2002) i Fay (1997) j Malenky et al. (1993) k Brugiere and Sakom (2001) l Furuichi et al. (1997) m Etiendem et al. (in prep.) however, other factors may contribute, such as the fact that wood is physically inappropriate or requires excessive effort for nest construction . It has been shown that fruiting trees in mature forests provide important food to gorillas in periods of fruit abundance (Nishihara 1995) , and the availability of important tree fruits is the primary driver of gorilla presence in specific habitats in seasons of high fruit abundance (Doran-Sheehy et al. 2004) . However, in the study site,\5 % of gorilla nest sites occur in old secondary and near primary forest where the density of preferred nesting herbs is low (Willie et al. 2012 ). This suggests that after feeding on fruits in these habitats, gorillas occasionally slept there as a strategy of dietary opportunism (sleeping close to fruiting trees is also observed in chimpanzees and orangutans; see Hashimoto 1995 and Ancrenaz et al. 2004 ), but more commonly moved to areas where herbaceous foods and nest-building herb materials were readily available before nesting. The study site is highly heterogeneous, and such herb-rich areas are often adjacent to patches of old secondary and near primary forest (Willie et al. 2012) . A similar behavior has been documented in Uganda where mountain gorillas visited closed canopy forest, but seldom nested there and frequently nested in open forest gaps and secondary forest (Rothman et al. 2006 ). This helps in understanding why the majority of nests were built on the ground using herbaceous materials, while only a low proportion of nests were built on bare ground or in trees (Table 4 ). In addition, habitats such as light gaps, young secondary forest and swamps, which have relatively poorly-developed tree communities and high densities of herbs used for nest building, constitute about 60 % of the study site (Willie et al. 2012 ). This may also explain the low number of bare ground nests in the study site (Table 4) , although across the range of western gorillas this parameter has no clear relationship with herb density (Spearman test: r s = 0.107; P = 0.819; N = 7). Hunting pressure is high in the study site; gorillas may build fewer tree nests, preferentially building herbaceous nests in low-accessibility habitats with high densities of herbs, as a strategy to avoid hunters. Lastly, certain other factors which have been shown to influence tree-nest building by gorillas (Remis 1993; Tutin et al. 1995; Mehlman and Doran 2002; Sunderland-Groves et al. 2009 ) had no detectable effect in the present study: the intermittent presence of elephants in the site had no major influence on gorillas (unpubl. data); and no correlation existed between the number of tree nests and rainfall or temperature. The latter observation may be partly a result of the reduced availability of appropriate woody materials in preferred habitats, although we were unable to investigate this possibility in relation to other western gorilla sites due to the lack of detailed botanical data from most study sites.
High values of standard deviation of preference indexes within the herb and liana groups reflected a considerable variability in preference for herbs and lianas compared to trees. Some frequently-used species of herb (e.g., Aframomum spp., Haumania danckelmaniana) also provide food for gorillas (Table 5) , as do some lianas (e.g., Landolphia spp., Cissus dinklagei) and trees (e.g., Uapaca spp., Myrianthus arboreus, Desplatsia spp.); in the form of shoots, pith, leaves and fruit (Remis 1997; Doran et al. 2002; Salah 2011) . In addition, preferred or frequentlyused herb species in the study site tended to have a clumped stem distribution, and in some cases large leaves (Hypselodelphys scandens, Megaphrynium macrostachyum and M. velutinum; Willie et al. in prep.) , thus making them suitable for the construction of mattress-like structures, with or without association of woody material from lianas, shrubs and tree branches. Similarly, in Gabon, marked preference for species of Haumania, Hypselodelphys, Aframomum and Megaphrynium has been noted , and Aframomum also occurred in many gorilla nests 2002) . It has been suggested that western gorillas prefer these herb genera because of their structural suitability for nest building and the food they provide . Mountain gorillas in Uganda showed evidence of preference for Pteridium sp. for nest construction, which is a comfortable building material, and Ipomea sp., which provides leaves, bark and flowers for consumption (Rothman et al. 2006 ). In the Democratic Republic of Congo, the frequency of occurrence of species in eastern lowland gorilla (Gorilla beringei graueri) nests varied significantly (Casimir 1979) . Chimpanzees and orangutans have also been observed to build nests in trees that provide edible fruits (Hashimoto 1995; Ancrenaz et al. 2004) . Suitability for nest building and simultaneous use of stems as a food supply for gorillas may therefore justify why some species are preferred over others. However, a more thorough investigation of stem properties and spatial distribution of plant species may provide additional evidence as to why some species are preferred and others avoided. Plant species used for nesting overlapped greatly across seasons, and there were negligible changes in the plant composition of nests. The number of species used per nest showed similar patterns across seasons, and the small variations were probably a result of infrequent species, as only 46 species (\30 %) were frequently used. At the temporal scale, utilization of plants by gorillas for nest building might be viewed as nearly stable, with preferred core species being present in the large majority of nests, and a set of intermittent species that are less consistently present. Gorillas principally built nests in young secondary forest, light gaps and swamps, with marked preference for young secondary forest during long dry and short rainy seasons and for light gaps during the long rainy season. These seasonal changes in habitat use did not, however, influence plant composition in gorilla nests. This may be an indication that frequently-used nest-building plants are randomly distributed across habitat types and with no seasonal change in availability. However, more accurate patterns of seasonal plant preference can be investigated by looking at whether or not changes in plant population size and diversity occur across seasons.
Our findings suggest that gorillas do not randomly use plant species to build nests; instead, they are selective and rely on a particular set of species combined at varying proportions, but with no clear seasonal or spatial patterns. The preferred plant species can serve as indicators of suitable nesting habitats and can be considered alongside plants used by gorillas for feeding when devising landmanagement strategies for the preservation of gorilla habitats. For example, herb species of the families Marantaceae and Zingiberaceae were frequently used for nest building by gorillas, and it has been shown that these plants occur at high density in light gaps, young secondary forest and swamps (Willie et al. 2012) , therefore highlighting the suitability of these habitat types for nest building and the need to mitigate human influences in such areas for effective conservation of gorillas.
